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Abstract 
This thesis investigates correlations between estimated upper Bakken total organic carbon (TOC) 
and production data in the Elm Coulee field, and tests two hypotheses for defining simulation 
model properties with the results. The purpose of this research is to investigate potential 
correlations between upper Bakken TOC and production and exploit any correlations to develop 
better methods for defining simulation model properties. This may reduce time necessary to 
history match production from an Elm Coulee model and help to explain the production 
variability. The study area is in Montana townships 24N-57E, 23N-57E, and 24N-55E. Public 
domain completion and production data for producing horizontal wells in this area were used. 
 
TOC for the upper Bakken was estimated using density logs from vertical wells. These values 
were upscaled and kriged to a reservoir grid and plotted against cumulative production data. 
After normalizing the data, some statistically significant correlations were discovered, most 
notably for TOC versus cumulative gas production and TOC versus cumulatively produced 
water-oil ratio. 
 
Simulation cases were developed to test two hypotheses for modeling properties using 
correlations between TOC and production data. The first hypothesis is that upper Bakken TOC 
can be used to define the intensity of secondary permeability generated from natural fracturing. 
The second hypothesis is that upper Bakken TOC can be used to define water saturation since the 
conversion of bitumen to expelled oil consumes water. Neither hypothesis substantially 
improved the history matching process. However, this research affirms the Elm Coulee Bakken 
is oil wet, and that simulation properties affected by wetting characteristics should reflect this. 
Correlations found between TOC and production data also merit further research using dual 
permeability modeling. 
 
 
 
 
 
 
 
 
 
 
Keywords: Total organic carbon, production variability, Elm Coulee, natural fractures 
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1. Introduction 
The Elm Coulee field is the most productive portion of the Bakken Formation in 
Montana. Figure 1 shows the general location of Elm Coulee field in the Williston Basin. 
Estimated ultimate production of the Elm Coulee field is 200 million barrels of oil (Sonnerberg 
& Pramudito, 2009). The estimated primary recovery factor for the Elm Coulee is about 10% 
(Sonnerberg & Pramudito, 2009). This low recovery factor has increased interest in simulating 
secondary and enhanced oil recovery. Due to the complex nature of production from an 
unconventional naturally fractured reservoir such as the Elm Coulee, the effects of natural 
fractures on production and the saturations of oil, gas, and water must be understood to increase 
confidence of investing in secondary or enhanced oil recovery. Due to limitations in our ability 
to define the natural fracture permeability and water saturation in models built for simulating, 
history matching a model of the Elm Coulee can be cumbersome and require subjective property 
modifications (Todd, Heath, Evans, & Reichhardt, 2012). This thesis researches more efficient 
means of defining the natural fracture permeability and water saturation in Elm Coulee 
simulation models than is currently being used in research at Montana Tech.  
The Bakken Formation is able to flow to hydraulically fractured wells because of the 
secondary permeability from natural fractures. Natural fractures are formed through either 
tectonic stress or over-pressuring resulting from the volume expansion of kerogen thermally 
decaying into expelled oil (Meissner, 1978; Pitman, Price, & LeFever, 2001). This study is 
focused on the fractures formed by over-pressuring resulting from the generation of expelled oil. 
These fractures will be referred to as expulsion fractures.  
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Figure 1: Map of Williston Basin, Elm Coulee field shown in red: Modified from                                 
(Sonnerberg & Pramudito, 2009) 
 
One of the most common methods of defining properties in a model is to upscale wireline 
log values and use kriging to interpolate. When direct measurements cannot be taken by logging 
tools, correlations are used to estimate properties from other logged values. This research uses 
the method defined by Schmoker & Hester (1983) to estimate total organic carbon (TOC) from 
bulk density values. TOC of the source rock provides a value to represent oil generation 
potential. It has been observed through coring that micro-fracturing is absent in areas of the 
middle Bakken which are adjacent to low kerogen, thermally immature source rock (Pitman, 
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Price, & LeFever, 2001). Experimentation with hydrous pyrolysis has also shown that the decay 
of kerogen into expelled oil consumes water (Lewan, 1992). This suggests that there is potential 
for the amount of oil generated to influence the reservoir fracture properties and saturations. This 
study will assume minimal lateral migration of fluids in the middle Bakken. 
A correlation between bulk density and TOC weight percent (wt %), defined by 
Schmoker & Hester (1983), can be used to estimate TOC in black shales. This value can be 
converted into a TOC weight per unit area. Using TOC in weight per unit area normalizes the 
values for the ranges of thickness and bulk density seen in the upper Bakken. This study uses 
units of pounds per square foot (lbs/ft2) for TOC weight per unit area values. Correlation 
between TOC weight per unit area and production trends in Elm Coulee were investigated. 
Mullen et al. (2010) showed evidence that a well’s productivity is influenced by its proximity to 
natural fractures. This research used production data on the assumption that the cumulative 
production is directly related to the intensity of the natural fracturing contacting a well. If a 
reasonable correlation exists, it could provide a method of defining model properties from 
existing log values. 
This research investigates methods of correlating estimated source rock total organic 
carbon to production data on the basis that such correlations have potential for defining 
permeability from natural fracturing and water saturation. The effectiveness of these correlation 
are evaluated and compared against current methods of defining these properties. If this approach 
proves to be effective, it will reduce the time required to history match an Elm Coulee simulation 
model.   
Borglum (2014), has supported the development of a more representative fracture 
modeling method for the Elm Coulee. Borglum (2014) showed that a discrete fracture network 
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(DFN) model can be used to represent the natural fracturing in the Bakken. The DFN density in 
her study was defined by porosity and the results showed evidence that further research was 
merited for representing natural fractures in simulation models.  The introduction of TOC 
concentration data may provide a mechanism to explain a correlation to expulsion fractures.  
A basic geologic model has been developed for the Elm Coulee field from wireline and 
core data by Montana Tech (Todd, Heath, Evans, & Reichhardt, 2012). A subset of the Montana 
Tech model was used for this research. This is the model referenced in this study. 
The study area of the TOC correlation analysis includes three townships in the Elm 
Coulee. They were selected based on their range of TOC values. These townships are T24N-
R57E, T23N-R57E, and T24N-55E. Their location within the Elm Coulee field is shown in 
Figure 2. 
 
Figure 2: Elm Coulee TOC correlation analysis study area with existing wells (MBOGC, 2014) 
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1.1. Study Objective 
This research answers the following questions:  
 
(1) Can production trends from wells producing from the Elm Coulee portion of the 
Bakken be correlated to estimated upper Bakken TOC?  
(2) Can correlations found between production data and upper Bakken TOC effectively 
define properties that account for the permeability of the expulsion fracture network in a 
simulation model? 
(3) Can correlations found between production data and upper Bakken TOC effectively 
define water saturation in a simulation model? 
1.2. Literature Review 
1.2.1. Overview of Geology 
The Williston Basin began forming two billion years ago during the Trans-Hudson 
Orogeny.  The basin structure was formed as a result of two cratons pushing together to form the 
North American proto-continent. This event formed a stable base for deposition of the Bakken, 
but future events subjected the geologic substructures to tectonic activity (Meissner, 1978). 
The total thickness of the Bakken ranges from 10 to more than 40 feet in the Elm Coulee. 
The Bakken Formation is subdivided into the upper, middle, and lower members. The lithology 
of each member is similar throughout the basin with subtle changes, but the lithology of the 
members in the Elm Coulee can be summarized as follows: an upper shale member, a middle 
silty dolostone member, and a lower siltstone member (Meissner, 1978; Sonnerberg & 
Pramudito, 2009). Figure 3 shows the Bakken section of a well log for an Elm Coulee well. 
12 
 
Figure 3: Bakken well log from the Elm Coulee field (API #:25083217560000 - T25N-R56E-Section 20) 
 
The upper and lower members were deposited in an offshore marine environment. A 
combination of an oxygen restricted environment, an abundance of organic matter, and limited 
geologic sediment deposition resulted in high TOC for the upper Bakken (Pitman, Price, & 
LeFever, 2001). The Elm Coulee’s lower Bakken thins out to the south, and it is not as 
organically rich as the North Dakota section (Sonnerberg & Pramudito, 2009). The middle 
member of the Bakken shows evidence of depositional environments fitting shallow water after a 
rapid sea level drop. While the lithology of the middle Bakken member changes through the 
basin, in the Elm Coulee it is a dolostone which transitions from sandy to silty as depth increases 
(Sonnerberg & Pramudito, 2009).  
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The Laramide Orogeny is considered to be the cause of most the tectonically created 
fractures in the Bakken (Meissner, 1978). There is controversy surrounding which type of natural 
fractures are the main contributors to production in Bakken wells (Sturm & Gomez, 2009; 
Sonnerberg & Pramudito, 2009; Meissner, 1978). Tectonically related fractures are not 
investigated in this study since they are not related to TOC. 
1.2.2. Natural Fractures in the Bakken 
Since natural fractures are the primary flow path in the Bakken, it is important to 
understand and represent them when simulating flow in the reservoir (Mullen, et al., 2010). 
Three types of natural fractures have been noted in the Bakken: structurally related tectonic 
fractures, stress related regional fractures, and expulsion fractures associated with over-
pressuring of the formation during hydrocarbon generation (Sonnerberg & Pramudito, 2009; 
Pitman, Price, & LeFever, 2001). This study investigates a property believed to have influenced 
the formation of expulsion fractures.  
1.2.2.1. Source Rock Maturation and Over-pressuring 
Schmoker & Hester (1983) stated that, “There is a regional depletion of organic carbon, 
paralleling present-day isotherms that reflects the conversion of organic matter to oil and 
subsequent expulsion of the oil from the formation.” This expelled volume of hydrocarbons 
caused over-pressuring and expulsion fractures (Meissner, 1978; Pitman, Price, & LeFever, 
2001). The Lodgepole and Three Forks formations served as sealing formations during oil 
generation and expulsion.  Research has shown evidence that most of the Bakken oil stayed in 
the Bakken and did not pass into the overlying Madison group rocks (Price & LeFever, 1994). 
Most of the expelled oil from the source rock was forced into the middle Bakken (Pitman, Price, 
14 
& LeFever, 2001). This added volume caused the middle member’s over-pressuring and 
expulsion fractures (Meissner, 1978; Mullen, et al., 2010). 
1.2.2.2. Expulsion Fractures 
Coring has shown that expulsion fractures commonly exist in the middle Bakken where 
permeability is greater than 0.01mD, a combination of primary and secondary permeability 
(Pitman, Price, & LeFever, 2001). These fractures become visible on a saturated core. This 
demonstrates the fracture’s ability to store and flow fluids. These visible fractures were presented 
by Pitman et al. (2001), and are also visible in Bakken cores at Montana Tech as shown in Figure 
4. This core was taken in a confidential North Dakota Bakken well from the middle Bakken at a 
measured depth of 11,354 feet. The fractures are believed to be expulsion fractures and not 
coring induced fractures as these types of fractures are found to be absent in middle Bakken core 
adjacent to low kerogen or thermally immature source rock (Pitman, Price, & LeFever, 2001). 
 
Figure 4: Naturally fractured wet core 
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1.2.2.3. Tectonic and Stress Related Fractures 
Natural fractures caused by tectonic forces are the result of rock flexure. The Laramide 
Orogeny is the most likely cause of this type of fracture within the Williston Basin. Tectonic 
fractures are larger but less frequent than expulsion fractures. Regional stress creates the same 
types of fractures as tectonic activity, but on a smaller scale (Pitman, Price, & LeFever, 2001). 
Since detailed knowledge of in situ stresses is limited, this type of fracture is hard to predict and 
will not be considered in this study. 
1.2.2.4. Production Characteristics of a Naturally Fractured Reservoir 
A study by Tran et al. (2011) categorized production characteristics in the Bakken. They 
segregated production characteristics by the existence of natural fracturing and the amount of 
pressure support the matrix provides the fractures. This theory on production has two pressure 
transients: from the fracture network to the producing well and from the matrix to the fracture. 
The lack of full pressure support from the matrix to the natural fracture causes a pressure drop in 
the fractures and the release of solution gas. The change in gas production, oil production, and 
gas-oil ratio can be used to characterize the production characteristics of a fractured reservoir. 
1.2.3. Hydrous Pyrolysis 
The processes which generate oil from organic matter in the subsurface have been studied 
in the lab over small time scales using hydrous pyrolysis. Through experiments with organic-rich 
rock, geochemists have been able to imitate the oil generation process. A typical hydrous 
pyrolysis experiment involves heating multiple samples of organic-rich rock in a reactor to 
different temperatures through the oil generation window. The different organic constituents are 
then measured. The results of such experiments have been divided into four distinct stages within 
four distinct temperature ranges: pre-oil generation, incipient oil generation, primary oil 
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generation, and post-oil generation. Pre-oil generation is characterized by the beginning of the 
conversion of kerogen to bitumen. Very little expelled oil is produced during this stage. Incipient 
oil generation is where the bulk of the kerogen is thermally decomposed into bitumen. The end 
of this stage is denoted by a plateau of bitumen creation and the beginning of thermal 
decomposition of bitumen to expelled oil. During primary oil generation little to no kerogen is 
decomposed to bitumen. During this stage the bulk of the expelled oil is generated from the 
bitumen. The end of the primary oil generation window occurs once the expelled oil begins 
decomposing into lighter end hydrocarbons. The decomposition process occurs in the post-oil 
generation stage (Lewan, et al., 1985).  
Further experimentation with hydrous pyrolysis by Lewan (1992) led to the discovery of 
the importance of water in the reaction. His study showed that water was key in the conversion 
of bitumen to expelled oil. An excess of carbon dioxide was noted in the case performed in 
hydrous conditions. It is believed that the excess oxygen required for the increase in carbon 
dioxide was provided by the water, and the freed hydrogen was available for terminating free 
radical sites during oil generation (Lewan, 1992). Based on these studies it is hypothesized that 
oil generation will reduce water saturation by consuming water as well as displacing it.  
1.2.4. Total Organic Carbon Estimation 
Schmoker and Hester (1983) developed a simple technique for estimating TOC from bulk 
density logs for a black shale. Equation 1 shows the correlation they derived for estimating TOC 
as a weight percent from bulk density () data. Their correlation uses assumptions to account for 
grain density, pyrite content, and the weight ratio of organic matter to organic carbon. These are 
accounted for in the constants in Equation 1. These specific constants are for the Bakken black 
shale. Since the lithology of the upper Bakken in the Elm Coulee is characterized as a dark grey 
17 
to black shale the correlation is assumed to be accurate in the Elm Coulee and was evaluated by 
comparing calculated values of TOC with values obtained from 39 North Dakota Bakken cores. 
The absolute error of the compared values had an average of 1.1% and 90% of the compared 
values had an error less than 2.4%.  
 TOC (wt %) = [154.497/ρ(
g
cc⁄ )] − 57.261 (1)  
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2. Section 1 - TOC Correlation Analysis 
2.1. Methodology 
2.1.1. Model Construction 
A spatial distribution of the TOC, bulk density, and formation thickness were modeled 
within the Montana Tech Elm Coulee model and used as a basis to perform the data analysis 
(Todd, Heath, Evans, & Reichhardt, 2012). The model grid was created to align with the 
Township-Range-Section boundaries. This provided a grid which was both coarse enough to 
model the available wireline log values and at the same time capture the horizontal well paths in 
either one or two grid cells.  
The lower Bakken was not used in this study due to its low organic content and siltstone 
lithology in the Elm Coulee. Equation 1 was derived to estimate TOC in shale, so it will only 
apply to the upper Bakken in the Elm Coulee.  Properties were upscaled and kriged for both the 
upper and middle Bakken as single layers for the TOC correlation analysis. Wireline log data 
were used to generate a bulk density, TOC, and cell thickness property model for the upper 
Bakken and porosity and thickness property model for the middle Bakken. Equation 1 calculates 
TOC as a weight percent, so this TOC value was multiplied by bulk density () and cell 
thickness (h) to generate a mass of organic carbon per unit area as shown in Equation 2. Since 
cell area is the same throughout the model, this value was used to spatially evaluate source rock 
oil generation potential. For well paths located in two grid blocks, values from the model were 
averaged based on the length of completed wellbore per grid block. The length of completed well 
bore per grid block was determined from completion records and wellbore traces found from the 
Montana Board of Oil and Gas (MBOGC, 2014). 
 TOC (
Mass TOC
Bulk Mass
) × ρb (
Bulk Mass
Bulk Volume(Length3)
) × h (Length) = (
Mass TOC
Area (Length2)
) (2) 
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2.1.2. Production Data 
Cumulative production data were gathered for use as an indicator of the presence of 
natural fractures. The assumption that wells producing with higher cumulative productions are 
believed to be in contact with denser natural fracture swarms was supported by the work of 
Mullen et al. (2010). Three townships were selected for the study area of the TOC correlation 
analysis. They were selected based on density of geologic data and the range of TOC within their 
boundaries. The study area includes townships 24N-57E, 23N-57E, and 24N-55E. Five-year 
cumulative production values were obtained for oil, natural gas, and water from the Montana 
Board of Oil and Gas website for wells within the study area. Wells within the three townships 
were excluded from the TOC correlation analysis if they did not have five years of production 
data or if the completion report did not contain enough information to perform the desired 
normalizations to the cumulative production values.  
2.1.3. Analyzing Data 
The data were tested for correlations by plotting TOC values versus cumulative 
production. An initial investigation was performed to select units for the independent TOC 
variable for subsequent analysis. Both TOC as a weight percent and TOC as a weight per unit 
area were plotted against five year cumulative production data normalized by completion length. 
All subsequent analysis use TOC as the independent variable with units of weight per area 
(lbs/ft2).  
Four methods of normalizing the cumulative production data were evaluated to refine the 
correlations. The four normalizations were completion length; completion length and pore-feet in 
the middle Bakken; completion length and pounds of sand used in the hydraulic fracture 
treatment; and completion length, pore-feet in the middle Bakken, and pounds of sand used in 
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the hydraulic fracture treatment. Normalized values of cumulative production data were cross 
plotted as the dependent variable. All subsequent analysis use production data normalized by 
completion length and pore-feet in the middle Bakken.  
In an attempt to remove some of the variability between different types of wells in the 
cross plots, the list of wells was filtered. Three types of filters were applied: style of lateral, well 
operator, and year(s) drilled. The categories of lateral type were one mile laterals, two mile 
laterals, one and two mile laterals, and dual laterals. Only Ener Plus and XTO Energy operated 
enough wells in the study areas to individually analyze. Both individual and grouped years from 
2004 to 2007 were selected for categorizing wells by year drilled. Only Ener Plus operated 
enough wells in the study areas to categorize wells by year drilled. The TOC (lbs/ft2) data and 
production data normalized by completion length and pore-feet in the middle Bakken were cross 
plotted for each filtered well set. 
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2.2. Results 
2.2.1. Model Construction 
The TOC model shown in Figure 5 was constructed by upscaling log values calculated 
using Equation 1 for TOC, kriging them to a grid, and normalizing them by bulk density and 
formation thickness. The units for the color scale are pounds of TOC per square foot. The grid in 
Figure 5 aligns with the Township-Range-Section boundaries. The three townships used for the 
TOC correlation analysis are shown by the black outlines. The black dots represent the vertical 
well locations which contained bulk density data used to develop this property model. The values 
taken from the model for use in the TOC correlation analysis can be found in Appendix 1. 
 
Figure 5: TOC property model (Section Grid) 
2.2.2. Production Data 
Cumulative production and values used for normalization of the production data that was 
used in the TOC correlation analysis can be found in Appendix 1.  
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2.2.3. Analyzing Data 
All cross plots generated from the TOC correlation analysis can be found in Appendix 2. 
The R2 values from the cross plots used to compare the effectiveness of two different TOC units 
are in Table I for oil, gas, water, and produced water-oil ratio. Values for R2 shown in red in the 
following tables denote an inverse relationship and in black denote a direct relationship. The data 
set used to generate the results in Table I included 124 wells.  
Table I: Comparison of TOC units for TOC correlation analysis 
 
Coefficient of Determination (R2) 
TOC (lbs/ft2) vs 
(bbl/comp. ft) 
TOC (weight %)  
vs  (bbl/comp. ft) 
Oil 0.1901 0.0002 
Gas  0.2606 0.0026 
Water  0.0560  0.0323  
WOR 0.2514  0.0221  
 
The R2 values from the cross plots of the three production normalization methods are 
presented in Table II below. The data set used for the cross plots came from 124 wells. 
Table II: Comparison of production data normalization methods for TOC correlation analysis 
  
Coefficient of Determination (R2) 
(bbl/ft) (bbl/ft/pore-ft) (bbl/ft/lb-sand) 
Oil 0.1901 0.2116 0.2080 
Gas  0.2606 0.3068 0.2566 
Water  0.0560  0.0396  0.0038  
WOR 0.2514 0.2514 0.2514 
 
The R2 values from the cross plots of the filtered sets of wells are presented in Table III 
and Table IV. The filter description and number of wells in the data set are shown in the table 
headings. 
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Table III: Comparison of filtering well list by lateral type and well operator for TOC correlation analysis 
 Coefficient of Determination (R2) 
# Wells 76 17 93 30 80 30 
Filter 
1 mi 
Laterals 
2 mi 
Laterals 
1&2 mi 
Laterals 
Dual 
Laterals 
Enerplus XTO 
Oil 0.3369 0.4630 0.3193 0.0204 0.3173 0.0011 
Gas  0.3964 0.3967 0.3896 0.0023 0.3994 0.0554 
Water  0.1163  0.0002  0.0698  0.0153  0.0835  0.0000 
WOR 0.4348  0.5117  0.3804  0.0005  0.3925  0.0497  
 
 
 
Table IV: Comparison of filtering well list by year drilled for TOC correlation analysis 
 Coefficient of Determination (R
2) 
# Wells 13 15 17 17 28 32 34 62 
Filter 2004 2005 2006 2007 04-05 05-06 06-07 04-07 
Oil 0.3101 0.0377 0.2090 0.6362 0.1606 0.1628 0.3971 0.2989 
Gas  0.2628 0.0824 0.3217 0.7476 0.2404 0.2531 0.5694 0.4434 
Water  0.0001  0.2140  0.0393  0.6529  0.0716  0.1329 0.2296 0.1351 
WOR 0.1647  0.2350  0.3262  0.7177  0.2132  0.3302  0.5650  0.4110  
 
The two correlations found during this study which were selected for use in the 
simulation model came from TOC (lbs/ft2) versus both 5-year cumulative gas production and 5-
year cumulatively produced water-oil ratio. These results came from wells operated by Ener Plus 
and drilled in 2006 & 2007. This provided the best correlation from a sufficient sample size. The 
two cross plots are presented in Figure 6 and Figure 7.  
24 
 
Figure 6: TOC vs 5-year cumulative gas production cross plot 
 
Figure 7: TOC vs 5-year cumulatively produced water-oil ratio cross plot 
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2.3. Discussion 
2.3.1. TOC Model 
The TOC property model generated for this research showed a wide range of values 
ranging under 100 lbs/ft2 to over 200 lbs/ft2. Most of the values were in the mid-100’s as seen in 
Figure 5. The extreme high and low values are considered to be either artifacts of the model or a 
result of local variations in the upper Bakken lithology which are not accurately modeled by the 
constants in Equation 1. The variation throughout the field could be attributed to varying thermal 
maturity, formation thickness, or other properties which could affect the heat flow through the 
source rock and alter how much organic carbon was converted to expelled oil. 
2.3.2. TOC Correlation Analysis 
2.3.2.1. Normalizing Upper Bakken TOC Values 
The first step of the data analysis was to determine the normalization for the TOC in the 
cross plots. The two normalization methods investigated were weight percent and mass per unit 
area. The plots included in Appendix 2 using TOC (wt %) showed no correlation. The plots 
showed in Appendix 2 using TOC (lbs/ft2) resulted in R2 values meriting further investigation. 
The difference between results of the different TOC units indicate that a mass of TOC in the 
adjacent source rock must be used to take into account the variability of bulk density and 
thickness seen in the upper Bakken. Since the upper Bakken Shale is tight, most of the oil 
expelled during maturation would be forced into the middle Bakken. TOC in units of weight 
percent does not account for the potential of thicker sections of the upper Bakken to expel greater 
quantities of hydrocarbons. Weight percent TOC can also be hard to spatially compare due to the 
range in bulk density of the upper Bakken. A denser portion of the upper Bakken would contain 
a greater mass of organic carbon than a less dense portion with an equivalent TOC (wt %). 
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Further data analysis used TOC (lbs/ft2) to account for variations in the upper Bakken thickness 
and density. 
The correlations generated from TOC weight per unit area and the cumulative production 
data showed an inverse relationship for oil and gas. This suggests that the upper Bakken in the 
Elm Coulee originally had a relatively consistent TOC weight per unit area. A consistent TOC 
weight per unit area could have been achieved through inconsistent rates of sedimentary 
deposition and consistent rates of organic matter deposition throughout the Elm Coulee during 
the upper Bakken’s depositional period.  
In order to speculate that the upper Bakken in the Elm Coulee originally had a relatively 
consistent TOC weight per unit area, evidence is needed to show that the range of TOC values 
seen in this research’s model is possible (i.e. it is possible to mature the fraction of initial TOC to 
oil which this research’s model suggests). Hydrous pyrolysis experiments performed by Lewan 
(1985) showed that over 40% by mass of TOC can be converted by the end of the incipient oil 
generation stage. The range of TOC values seen in this study area corroborates with the Lewan 
(1985) research. 
2.3.2.2. Normalizing Production Data 
As previously discussed, three normalization methods were investigate for the production 
data: the length of the well’s completed interval, the pore-feet of the middle Bakken, and the 
weight of hydraulic fracture sand pumped. Wells in the study area had completion intervals 
varying in length from 2172 to 10,534 feet. As production data was gathered is was evident that 
the wells with 2-mile laterals had about twice the production of the 1-mile laterals. Thus, 
completion interval was deemed as a required normalization method in this research.  
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Since the length of contacted reservoir was found to be such an important factor in a 
wells production, the volume of reservoir available to drain was also investigated. The average 
porosity in the middle Bakken in the study area ranged from 2.57 to 7.04%. The average 
thickness in the middle Bakken in the study are ranged from 18.54 to 35.26 feet. Due to the large 
range in both of these values pore-feet, the product of porosity and formation thickness, was used 
as a normalization method. 
Pounds of sand used in the hydraulic fracture treatment were experimented with to 
account for the added conductivity produced by this stimulation method. Wells in the study area 
had weights of fracture sand pumped ranging from 151,680 to 1,404,220 pounds.  
The normalization using pore-feet increased R2 values for all tested dependent variables 
as seen in Table II. The normalization using weight of hydraulic fracture sand had sporadic 
results. Based on the results presented in Table II, only production data normalized by length of 
completion interval and middle Bakken pore-feet were used further in the data analysis. 
2.3.2.3. Filtering the Data Set 
The filters applied to the list of wells were used to test for variability in production data 
due to the well lateral style, the well’s operating company, and the year the well was drilled. The 
well lateral style filter is intended to test for differences in drilling and completing styles of wells 
which may affect production through near wellbore damage or completion effectiveness. There 
was a small improvement in 2-mile laterals over 1-mile laterals as seen in Table III, but this was 
not considered statistically significant since the available sample size of 2-mile lateral was much 
smaller. There was no correlation found for dual lateral wells. This lack of correlation is 
speculated to be attributed to the challenges associated with hydraulic fracture treatments and 
artificial lift of dual lateral wells in comparison to single lateral wells.  
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The data were filtered by operating company to test for different well designs and 
production strategies between companies. The only operators with a large enough sample size to 
perform a data analysis were Ener Plus and XTO. Wells operated by Ener Plus showed a large 
reduction in R2 for the study area’s well list. However, wells operated by XTO showed no 
correlation as seen in Table III. Further investigation of this discrepancy between operators 
uncovered that the majority of dual lateral wells were operated by XTO. Based on these findings, 
the Ener Plus operated wells were further filtered by year drilled.  
Many of the correlation from these filtered data sets showed an improved correlation as 
indicated by an increase in R2 values. The wells drilled in 2007 showed the greatest R2 values, 
with a range of 0.64-0.75. The results presented in Table IV suggest that the most consistent 
sample in the study area, in terms of production variation, comes from wells operated by Ener 
Plus which were drilled in 2006 and 2007. This is based on the largest sample size with a strong 
correlation. The gas and water-oil ratio correlations from this sample were selected for testing in 
the simulation portion of this study. 
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3. Section 2 – Simulations 
3.1. Methodology 
3.1.1. Model Construction 
The simulation work in this study was based on the Montana Tech Elm Coulee model 
(Todd, Heath, Evans, & Reichhardt, 2012). This model was trimmed to include all wells found in 
T24N-R57E and wells found in sections 1 through 12 of T23N-R57E. This included a total of 80 
producing wells. The producing wells were modeled as an “L” shape with well head locations as 
the heel and toe locations and the toe. The well head and toe locations were taken from the 
Montana Board of Oil and Gas online database (MBOGC, 2014). Hydraulic fractures were 
placed in the well such that they averaged five stages per mile of lateral. The fracture properties 
were held constant for the whole field and are presented in Table V. The feasibility study 
performed by Todd et al. (2012) found that these were acceptable assumed values since they 
provide a fracture with infinite conductivity without having values too large to cause 
convergence issues in the simulation program. The field was produced with a development 
strategy with a constant bottomhole pressure production mode. A bottomhole producing pressure 
of 150 psi was assumed. 
Table V: Simulation model fracture properties 
Fracture Property Value Units 
Fracture Length 50 meters 
Fracture Height 50 feet 
Fracture Permeability 50 mD 
Fracture Orientation 0 Degrees 
Fracture Width 0.20 Inches 
 
This model used 50x50 meter grid blocks. The upper Bakken was modeled with a single 
layer. The middle Bakken was modeled with eight layers. The lower Bakken was not included as 
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a producing portion in this model. The model used the common assumption of vertical 
permeability being equal to one tenth the horizontal permeability. Average porosity and 
permeability values for the base case of the different layers in the base case are presented in 
Table VI.  
Table VI: Average porosity and permeability for layers in base case 
Layer Porosity Horizontal Permeability 
Upper Bakken 1.50 % 0.0009 mD 
Middle Bakken 4.90 % 0.0027 mD 
Lower Bakken 0.00 % 0.0000 mD 
 
A TOC model for the upper Bakken was generated by upscaling and kriging the TOC 
calculated using Equation 1. The TOC values generated for the upper Bakken where translated 
down into the middle Bakken layers to be used to define permeability and water saturation. This 
translation of TOC values in the upper Bakken down is applied in this model with the 
assumption that there was no lateral migration of fluids upon oil generation. 
3.1.2. Simulation Cases 
Five simulation cases were run in this study to test the effectiveness of defining 
permeability and water saturation in the middle Bakken from upper Bakken TOC. The methods 
of defining permeability and water saturation in the simulation cases is shown in Table VII. The 
base case used a porosity defined permeability and a constant water saturation. Four comparative 
cases were simulated to test the accuracy of using Archie’s Law and the TOC correlations found 
in the data analysis to define model properties.  
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Table VII: Simulation Case Descriptions 
Case Name Method of Defining Permeability 
Method of Defining 
Water Saturation 
Base Porosity-Permeability Correlation Constant Value 
Case 1 Porosity-Permeability Correlation Archie’s Law 
Case 2 Porosity-Permeability Correlation TOC Correlation 
Case 3 TOC Correlation Constant Value 
Case 4 TOC Correlation TOC Correlation 
 
3.1.3. Defining Permeability 
A porosity-permeability analysis of middle Bakken core from well Peabody-Minifle-26-
24H1D (API #: 25083224320000) was used to develop a base permeability correlation for the 
model. The permeability tests were Klinkenberg corrected values from an air permeability test. 
This core report was obtained from the Montana Board of Oil and Gas. This core was selected 
for its proximity to the study area. The permeability model from this correlation over produced 
when used in the simulation. Therefore, base case models were run with permeabilities scaled 
down to as low as half the permeability calculated from this correlation. The porosity-
permeability plot is presented in Figure 8. Due to the double exponential nature of the porosity-
permeability relationship, the correlation was manually fit. The equation of this correlation is 
shown in Equation 3. 
 k(md) = 0.0017 e 0.05 e
 45 Φ
 (3) 
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Figure 8: Porosity-Permeability plot from Peabody-Minifle-26-24H1D core sample 
 
The TOC (lbs/ft2) vs 5-Year Cumulative Gas Production was selected to define 
permeability in cases 3 and 4. Since this correlation does not have the magnitude of difference 
seen in the core data, a TOC-permeability equation was generated to include a porosity term as 
shown in Equation 4. Different TOC-permeability multipliers [MTOC) were generated from the 
correlation of TOC to cumulative gas production. These multipliers were modified on a case-by-
case basis using a history matching process and applied to Equation 4. The variable kΦ is the 
permeability calculated from the porosity-permeability relationship from the core analysis.  
 k(TOC) = [
1
4
kΦ] + [
1
4
kΦ  ∙ MTOC ] (4) 
3.1.4. Defining Water Saturation 
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saturation of 15% and increasing the value using a history matching process. The value of 15% 
for irreducible water saturation was the value used in the Montana Tech Elm Coulee model 
(Todd, Heath, Evans, & Reichhardt, 2012). The Archie’s Law water saturation was generated 
from upscaling a water saturation determined from wireline logs and kriging it to the grid. The 
TOC vs 5-year cumulatively produced water-oil ratio correlation was used to define the 
distribution of water saturation such that a 10% range of water saturation values were defined 
between the TOC values 125-225 lbs/ft2.  The lower bounding value of this 10% range of water 
saturation was selected through a history matching process. 
3.1.5. Comparing Simulation Cases 
The following processes were performed on each case to quantify the error between the 
simulated and observed production data: (1) For each well, the absolute value of the error 
between the observed and simulated production rates for each month of production was 
calculated. (2) An average and a standard deviation of each well’s error data was calculated. (3) 
For each case summary statistics on both individual well average error and standard deviation of 
error were compiled. (4) The summary statistics were used test for a difference in error between 
the comparative cases and the base case. 
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3.2. Results 
3.2.1. Model Construction 
The TOC model shown in Figure 9 was constructed by upscaling log values calculated 
using Equation 1 for TOC, kriging them to a grid, and normalizing them by bulk density and 
formation thickness. The units for the color scale are pounds of TOC per square foot. The three 
townships used for the TOC correlation analysis are shown by the black outlines. The black dots 
represent the vertical well locations which contained bulk density data used to develop this 
property model. This model was trimmed down to the area of the white outline for running 
simulations. This provided a one mile border around the desired grouping of wells. 
 
Figure 9: TOC property model (Simulation Grid) 
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3.2.2. Simulation Cases 
The results for the simulation cases used in this study are presented in plots below. The 
plotted lines represent average monthly production rates for all 80 wells in the simulation area. 
The data points in these plots represent the observed production data. Figure 10 shows the raw 
simulation results for the base case which used a porosity defined permeability and a constant 
water saturation. This was the case used to evaluate if the comparative cases improved the 
process of creating a history matched model.  
 
Figure 10: (Raw Data) Simulation results for Base Case 
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The raw simulation data in this study exhibit extreme spikes in production due to wells 
coming on instantaneously at low bottomhole pressures. In actuality, wells are brought on with 
high static fluid columns, generating high bottomhole pressures, which is gradually pumped 
down to a lower bottomhole pressure. Because of this, the simulation results will be presented in 
an edited fashion, as seen in Figure 11. This editing process removes the aforementioned artifact 
of the simulation and provides a less cluttered graph.  
 
Figure 11: (Edited) Simulation results for Base Case 
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Figure 12 shows the results for simulation Case 1 or the case using a porosity defined 
permeability and an Archie’s Law defined constant water saturation. 
 
Figure 12: Simulation results for Case 1 
 
Figure 13 shows the results for simulation Case 2 or case with porosity defined 
permeability and TOC defined water saturation. 
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Figure 13: Simulation results for Case 2 
 
Figure 14 shows the results for simulation Case 3 or the case with TOC defined 
permeability and constant water saturation. 
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Figure 14: Simulation results for Case 3 
 
Figure 15 shows the results for simulation Case 4 or the case with TOC defined 
permeability and TOC defined water saturation. 
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Figure 15: Simulation results for Case 4 
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Table VIII: Summary statistics for error in simulated oil production 
 Base Case 1 Case 2 Case 3 Case 4 
 Ave. Ave. Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. 
Minimum  
(all wells) 
6.5 6.5 5.3 6.0 7.1 3.8 6.8 2.7 7.1 3.4 
Maximum  
(all wells) 
51.2 51.2 102.6 61.6 64.9 96.9 62.3 79.9 65.1 82.8 
Average     
(all wells) 
23.5 23.5 28.9 28.6 25.2 23.5 23.3 22.0 25.2 22.6 
Std. Dev.    
(all wells) 
11.1 11.1 17.4 16.0 13.4 18.1 11.4 15.3 13.2 16.3 
 
Table IX: Summary statistics for error in simulated water production 
 Base Case 1 Case 2 Case 3 Case 4 
 Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. 
Minimum  
(all wells) 
1.0 1.2 1.8 1.1 1.8 1.2 1.0 1.0 1.1 1.2 
Maximum  
(all wells) 
21.1 23.9 102.8 557.0 18.7 26.1 17.1 16.3 18.4 15.2 
Average       
(all wells) 
5.6 6.5 25.4 18.9 5.6 6.2 5.8 6.0 5.5 5.8 
Std. Dev.     
(all wells) 
4.1 4.5 17.9 66.6 3.3 4.2 3.4 3.6 3.1 3.5 
 
Table X: Summary statistics for error in simulated gas production 
 Base Case 1 Case 2 Case 3 Case 4 
 Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. 
Minimum  
(all wells) 
7.2 4.5 5.1 2.9 7.3 4.7 7.3 4.7 7.3 4.7 
Maximum  
(all wells) 
113.2 118.1 100.1 77.6 120.3 113.6 107.3 109.9 120.9 112.5 
Average       
(all wells) 
34.8 24.2 36.2 22.9 35.0 24.1 33.4 22.6 35.0 23.2 
 
          
Std. Dev.     
(all wells) 
21.2 21.8 18.9 11.7 22.2 22.0 20.7 18.8 22.8 19.5 
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3.3. Discussion 
3.3.1. Defining Permeability for Base Case 
The base case permeability model used in this study was defined using a      porosity-
permeability correlation from a set of core samples taken from a well near the study area. This 
core sample set was selected not only for its proximity to the study area but the character of its 
correlation. At low porosities the core showed a gradual change in permeability with respect to 
porosity as seen in Figure 5. At about 6% porosity there is an increase in the incremental 
permeability with porosity. This is interpreted as the threshold porosity in which either fractures 
exists or the fracture network’s permeability becomes the dominant flow path. This porosity 
permeability correlation was used for the base case.  The character of this correlation provides a 
method to account for the secondary permeability of expulsion fractures, as proposed by 
Borglum (2014).  
The distribution of natural fractures may be accounted for from porosity logs. A 
correlation may exist between TOC and porosity log values. The distributions of upper Bakken 
TOC weight per unit area and middle Bakken porosity were not investigated in this study. This 
potential relationship merits a detailed investigation. The upper sandy dolostone portion of the 
middle Bakken in the Elm Coulee field exhibits the highest porosity on wireline logs as seen in 
Figure 3. Due to its proximity to the organically rich upper Bakken, the upper sandy dolostone 
portion of the middle Bakken has a higher likelihood of expulsion fractures in comparison to the 
lower bioturbated portion of the middle Bakken. A potential correlation between the porosity of 
the upper sandy dolostone portion of the middle Bakken and upper Bakken TOC should be 
further investigated. 
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The base permeability defined from the core sample porosity-permeability relationship 
resulted in an overproducing simulation. For all the simulations presented in this research the 
coefficient in the porosity permeability correlation was reduced in an iterative process to achieve 
an acceptable history match. Both the Archie’s Law and constant water saturation cases required 
that the porosity-permeability correlation coefficient be reduced by 50% to achieve the best 
history match. The cases using a TOC defined water saturation required that the coefficient be 
reduced by 37.5% to achieve the best history match.  
The results of this study suggest that the relative permeability curves in the Montana 
Tech Elm Coulee model, which are characteristic of a neutral-wet rock, are over estimating the 
oil and water relative permeabilities. An interpretation of this study’s results suggests that 
relative permeabilities should be more representative of an oil wet rock. This could justify the 50 
to 37.5% reduction for the porosity-permeability correlation required for the history matches. 
Further lab and simulation work would be needed to confirm this interpretation. This change in 
the relative permeability model would greatly change the results of the simulation tests 
performed in this study, and should be the focus of future research to increase confidence in 
simulation results. 
3.3.2. Defining Permeability from a TOC Correlation 
Two TOC defined permeability models were used in this study. Porosity is the rock 
property which exhibits the strongest correlation to matrix permeability. Therefore, correlations 
for TOC defined permeability used porosity and TOC to account for both matrix and fracture 
permeability. One correlation method was used with both permeability models to account for the 
influence of porosity and TOC on the calculated permeability.  This is shown in Equation 2. The 
spatial distribution of the MTOC multiplier was defined by the TOC to cumulative gas production 
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correlation, which had the highest R2. For the TOC defined permeability and constant water 
saturation case the equation used for MTOC is shown in Equation 5. For the TOC defined 
permeability and TOC defined water saturation case the equation used for MTOC is shown in 
Equation 6. The exponent of the MTOC equations was taken from the TOC correlation to use the 
shape of its trend line. The coefficient of the TOC correlation was adjusted to achieve the 
magnitude of MTOC values required to achieve the best simulation results in each case. 
 MTOC = 5.5 ×  e
−0.02∙TOC(
lbs
ft2
)
 (5) 
 
 MTOC = 5.0 ×  e
−0.02∙TOC(
lbs
ft2
)
 (6) 
 
3.3.3. Defining Water Saturation Using Common Methods 
The easiest method for defining water saturation in a model is to use a constant value 
throughout the reservoir. Since the hydraulic fractures modeled for the wells go through the 
entire formation the effects of a saturation transition zone can be ignored.  A constant saturation 
was selected for the base case since there is uncertainty of the wetting characteristics of the 
middle Bakken. This uncertainty would translate to relative permeability curves, capillary 
pressure, and the saturations determined from Archie’s Law. The constant saturation value was 
selected using an iterative method to achieve the best history match. The best history match for 
the base case was obtained using a water saturation of 22%. The best history match for the TOC 
permeability and constant water saturation case was obtained using a water saturation of 23%.  
Another common method of defining water saturation in a model is applying Archie’s 
Law to resistivity logs. Since these values can be inaccurate if rock properties are not fully 
understood, this method was used to test its accuracy with the current rock properties assumed in 
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the Montana Tech model. The Archie’s Law water saturation property model showed very high 
water saturations in most of the middle Bakken. The simulation case using Archie’s Law 
saturations over produced water and under produced oil. This method’s simulation results were 
found to have increased the average error in water production by nearly 80% over the base case 
error. This difference is assumed to be a result of applying inaccurate constants in Archie’s Law 
which do not represent the properties of the middle Bakken. 
3.3.4. Defining Water Saturation from a TOC Correlation 
Two simulation cases used a water saturation defined by the TOC and cumulatively 
produced water-oil ratio correlation.  The lower bounding value of this 10% range of water 
saturation was selected through a history matching process. The porosity defined permeability 
and TOC defined water saturation case had the best simulation results with a lower bounding 
water saturation of 20%. This produced a water saturation property model with an average of 
23.7%. The TOC defined permeability and TOC defined water saturation case had the best 
simulation results with a lower bounding water saturation of 21%. This produced a water 
saturation property model with an average of 24.3%. 
3.3.5. Comparing Simulation Cases 
3.3.5.1. Interpretation of Methods of Defining Permeability 
When compared against the base case, the cases with the TOC defined permeability did 
not have a statistically significant difference in error. While this method did not provide a 
reduction in simulation error, there is still some potential of using this TOC correlation in 
modeling. The method by which a naturally fractured reservoir produces later in life will require 
a dual permeability model, and the distribution of TOC could define natural fracturing effects in 
such a model. 
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As the pressure in the natural fracture network is reduced, the aperture of the fractures 
will reduce, causing a reduction in permeability. This pressure dependent permeability is 
apparent when history matching daily production of Bakken wells. Wells showing pressure 
dependent permeability production trends will have lower initial simulated production than what 
is observed. Once production decline stabilizes simulated rates will be higher than observed. 
This is indicative of a depleting reservoir pressure and associated pressure dependent 
permeability. However, as these liquid rates begin to fall the gas rates do not tend to follow as 
quickly. 
The interpretation of Tran et al. (2011) of production from a naturally fractured reservoir 
with some matrix support is apparent in this study area. The fractures experience an increase in 
gas saturation from the inability of the matrix to fully support the pressure drop from production. 
This results in a pressure transient from the fracture network to the producing well and the matrix 
to the fracture. The lack of full pressure support from the matrix to the natural fracture causes a 
drop in pressure and the resulting release of solution gas. This can be seen in the increase in the 
gas-oil ratio in the study area’s observed data, shown in Figure 16. This plot shows the average 
daily production rates for the field as in the previous plots with the addition of the observed 
produced gas-oil ratio, represented by the orange line. 
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Figure 16: Rising GOR in simulation study area wells 
 
A dual permeability model would be necessary to capture the fracture to wellbore and 
matrix to fracture pressure transients. This would be required to accurately model the gas 
production. Since the ultimate goal in building models for the Elm Coulee is to test enhanced oil 
recovery methods, gas production must be modeled accurately to ensure a gas injection 
simulation would provide accurate results. The strong correlation between TOC and cumulative 
gas production merits further investigation with specific interest in DFN or dual permeability 
modeling. 
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3.3.5.2. Interpretation of Methods of Defining Water Saturation 
When compared against the base case, the two cases ran with TOC defined water 
saturation did not have a statistically significant difference in error. While the water saturation 
defined by a TOC correlation did not provide a model with any vertical variation, it did provide a 
spatial distribution to test if the TOC to produced water oil ratio correlation had any relationship 
to the water saturation. There may be other methods which water saturation may be defined, but 
the lack of change in error over the constant water saturation model suggests a low sensitivity to 
small variations in water saturation. Factors such as relative permeabilities and capillary pressure 
should be the next step in research. Without accurate means of defining these properties, history 
matched values for water saturation will be inaccurate. 
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4. Conclusion 
This thesis researched a correlation between estimated TOC in the upper Bakken of the 
Elm Coulee and production data. Statistically significant correlations were found after 
normalizing data and filtering the data set. Two methods of using these correlations were used to 
define properties in a simulation model to test the hypotheses that oil maturation volumes effect 
natural fracturing and water saturation. While no significant improvements in model building 
methods were discovered through this research, the importance of a few aspects of Elm Coulee 
models were discovered. 
 
Properties were upscaled from logs, kriged to the grid, and extracted from the Montana 
Tech Elm Coulee model to compare TOC distributions in the upper Bakken with normalized 
cumulative production. Statistically significant TOC correlations were found with cumulatively 
produced oil, gas, and water-oil ratio. The most notable correlations found were for gas and 
water-oil ratio, which 56.9% and 56.5% of the variance of the data sets were explained through 
the correlation respectively. Oil and gas production had inverse relationships to TOC and 
cumulatively produced water-oil ratio had a direct relationship to TOC. It is speculated that the 
upper Bakken in the Elm Coulee originally had a relatively consistent TOC weight per unit area, 
and that this could be achieved through inconsistent rates of sedimentary deposition and 
consistent rates of organic matter deposition throughout the Elm Coulee during the upper 
Bakken’s depositional period.  
 
The TOC versus 5-year cumulative gas production correlation was used to define a 
permeability model. This was based on the assumptions that well productivity is related to the 
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intensity of natural fracturing it is in contact with and the there was no lateral migration of 
expelled oil during maturation. It is hypothesized that the intensity of natural fracturing in the 
middle Bakken is related to the oil generating potential of the upper Bakken which in turn is 
related to TOC. The intensity of natural fracturing is related to total permeability. Therefore, 
upper Bakken TOC has the potential to help define the permeability of the middle Bakken. Basic 
simulations were ran to compare the error of simulating with a porosity defined permeability 
versus a TOC defined permeability. While no difference in error was discovered between the two 
modeling methods, some errors were discovered about current assumptions in the Montana Tech 
Elm Coulee model. Relative permeabilities may play a larger role in correctly modeling this 
reservoir than previously thought. Simulations using the relative permeability curves from the 
Montana Tech Elm Coulee Model overproduced when combined with a permeability defined by 
a porosity-permeability correlation from core data. This suggests that relative permeability 
curves may need to follow an oil-wet model. This suggests some error with the current properties 
being used that are characteristic of a neutral-wet rock. 
 
The water-oil ratio correlation was used to define the water saturation in two cases. This 
provided no benefit over using constant water saturation. However, the lack of sensitivity in the 
two modeling methods suggests that other parameters such as relative permeability and capillary 
pressure may need to be investigated to explain the production variability of both oil and water.  
This study’s simulation results show that water production needs to be accounted for in this 
study area. When a constant water saturation was applied to a model, saturations as high as 22% 
were necessary to achieve the most accurate simulation results. This is higher than previously 
believed values. 
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This study uncovered statistically significant correlations which merit further research. 
While the modeling methods investigated in this research were no more efficient that current 
method, they are but two of many which can be experimented with. However, further research on 
relative permeabilities is necessary before models using these correlations should be considered 
accurate. 
4.1. Recommended Future Research 
 Research surrounding all the factors influenced by wettability is needed to more 
accurately model the Elm Coulee. These factors include relative permeability, 
capillary pressure, and water saturation. 
 
 The statistical significance of the correlations found in this research merit further 
investigation. This could include: expanding the data set to increase sample size 
for more filtering methods, investigation of a relationship between TOC and the 
porosity in the sandy dolostone portion of the middle Bakken, experimenting with 
different normalization methods of the data or. 
 
 Future modeling work should focus on DFN or dual permeability modeling. The 
focus of these models should be to accurately model both liquid and gas 
production. The correlations from this study could be used as a means of defining 
fracture intensity. 
o During this study a discrete fracture network (DFN) model was attempted 
using TOC to define the fracture area per unit volume. This model was 
unable to be completed due to computer limitations and the size of the 
model.  These hardware limitations must be overcome before this research 
is practical. 
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6. Appendix 1 – Data from TOC Correlation Analysis 
Ref  
# 
Well Name API # Township Range Section(s) 
TOC 
(wt%) 
Mass 
TOC/Area 
(lb/ft2) 
1 4-J Ranch  44X-27 2508322095 24N 57E 27 14.32 189.76 
2 Albin  13X-33 2508322191 24N 57E 33 13.74 140.12 
3 Albin  24X-28 2508322265 24N 57E 28 14.56 156.50 
4 Albin Farms  31X-31 2508321937 24N 57E 31 13.91 171.30 
5 Albin Farms  34X-32 2508321972 24N 57E 32 13.91 171.30 
6 Brutus East-Izetta 9-14H 2508322560 24N 57E 4 & 9  14.88 201.09 
7 Brutus East-Lewis  3-4-H 2508322507 24N 57E 3 & 10 15.00 210.41 
8 Brutus East-Simonsen  9-16H 2508322447 24N 57E 4 & 9  14.88 201.08 
9 Brutus-Becky 6-3H 2508322136 24N 57E 6 & 7 13.75 188.58 
10 Brutus-Rachael 8-14H 2508322433 24N 57E 5 & 8 12.91 195.43 
11 Buffalo-Bradley 22-3H 2508322034 24N 55E 22 & 27 13.65 138.16 
12 Buffalo-Cole 21-2H 2508321955 24N 55E 21 13.69 135.60 
13 Buffalo-Gladowski 23-2H 2508322423 24N 55E 23 & 26 14.13 145.30 
14 Buffalo-Heather 21-3-HID3 2508322632 24N 55E 21 13.69 135.60 
15 Buffalo-Kenny 23-3HLID3 2508322701 24N 55E 23 & 26 14.13 145.30 
16 Buffalo-Mullin 21-4H 2508322001 24N 55E 21 13.69 135.60 
17 Buffalo-Shanda 27-15-HLID3 2508322611 24N 55E 22 & 27 13.56 140.53 
18 Buffalo-Thornton 23-4H 2508322155 24N 55E 23 & 26 14.13 145.30 
19 Buffalo-Vivian 22-2H 2508322466 24N 55E 22 & 27 13.65 138.16 
20 Bullwinkle 4J Ranch 3-4H 2508321896 23N 57E 3 13.80 167.08 
21 Bullwinkle-Able 3-2H 2508322333 23N 57E 3 13.80 167.08 
22 Bullwinkle-Ardelle 4-3HID3 2508322492 23N 57E 4 13.45 141.26 
23 Bullwinkle-Bertrand 4-2H 2508322291 23N 57E 4 13.45 141.26 
24 Bullwinkle-David  34-4H 2508322283 24N 57E 34 13.64 174.21 
25 Bullwinkle-Earl 3-3HID3 2508322679 23N 57E 3 13.80 167.08 
26 Bullwinkle-McMillen  34-2H 2508321892 24N 57E 34 13.64 174.21 
27 
Bullwinkle-Redtruck  34-15-
HID3 2508322635 24N 57E 34 13.64 174.21 
28 Burgess 24X-28 2508322115 24N 55E 28 13.62 136.49 
29 Chainsaw Fink 14-14H 2508321910 24N 55E 14 13.70 141.19 
30 Chainsaw-Dorothy 13-16H 2508322285 24N 55E 13 13.94 132.88 
31 Chainsaw-Edington 11-3-HID3 2508322493 24N 55E 11 13.51 134.13 
32 Chainsaw-Frank 13-15-HID3 2508322610 24N 55E 13 13.94 132.88 
33 Chainsaw-Gladowski 13-14H 2508321904 24N 55E 13 13.94 132.88 
34 Chainsaw-Madonna 14-16H 2508322335 24N 55E 14 13.70 141.19 
35 Chainsaw-Roy 11-4H 2508322233 24N 55E 11 13.51 134.13 
36 Chainsaw-Vicki 14-15-HID3 2508322562 24N 55E 14 13.70 141.19 
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Ref  
# 
Well Name API # Township Range Section(s) 
TOC 
(wt%) 
Mass 
TOC/Area 
(lb/ft2) 
37 Charles Nevins 1-12H 2508322112 23N 57E 12 12.99 200.24 
38 Charles Nevins 2-12H 2508322640 23N 57E 12 12.99 200.24 
39 Cheryl Pederson  14-17H 2508322483 24N 57E 17 13.44 170.55 
40 Coyote-Cundiff 10-14H 2508322057 23N 57E 10 13.97 168.06 
41 Coyote-McMillen 9-14H 2508322038 23N 57E 9 13.79 154.76 
42 Coyote-Nevins 9-15H 2508322437 23N 57E 9 13.79 154.76 
43 Coyote-Putnam 9-15-HID 2508322735 23N 57E 9 13.79 154.76 
44 Cundiff 21X-28 2508322510 23N 57E 21 & 28 15.49 170.55 
45 Dorothy 1-4H 2508322060 24 & 23N 55E 33 & 4 13.52 151.19 
46 Dorothy 2-4H 2508322553 24 & 23N 55E 33 & 4 13.52 151.19 
47 Dorothy 3-33H 2508322664 24 & 23N 55E 33 & 4 13.52 151.19 
48 Fearless-McMillen  25-14H 2508322126 24N 57E 24 & 25 15.10 227.61 
49 Fearless-Melland  26-14H 2508322149 24N 57E 23 & 26 14.89 207.16 
50 Fearless-Sherman  23-2-HLID 2508322477 24N 57E 23 & 26 14.89 207.19 
51 Fink 42X-12 2508322172 24N 55E 1 & 12 13.36 140.06 
52 Franz 2-15H 2508322218 23N 57E 15 14.56 179.63 
53 Franz Farms 41X-28 2508322215 23N 57E 21 & 28 15.49 170.55 
54 Frostbite-Don 7-2-H 2508322089 23N 57E 7 15.24 164.13 
55 Frostbite-Franz 7-3-614HR 2508322625 23N 57E 7 & 6 14.69 165.74 
56 Frostbite-Gus 7-15-HID3 2508322656 23N 57E 7 15.24 164.13 
57 Frostbite-Harold 7-4H 2508322355 23N 57E 7 15.24 164.13 
58 Frostbite-Harriet 5-3-HID3 2508322655 23N 57E 5 14.03 144.70 
59 Gladowski 2-25H 2508322690 24N 55E 25 13.55 157.58 
60 Halvorsen  31X-19 (Lat 1) 2508322022 24N 57E 18 & 19 14.10 147.43 
61 Halvorsen 31X-1 2508322204 
23N & 
22N 57E 36 & 1 14.07 174.15 
62 Halvorsen State 21X-36 2508322363 
23N & 
22N 57E 36 & 1 14.53 174.15 
63 Halvorsen State 31X-36 2508322796 
23N & 
22N 57E 36 & 1 14.07 174.15 
64 Hill 1-36H 2508322165 24 & 23N 55E 36 & 1 13.29 168.24 
65 Hill 2-1H 2508322475 24 & 23N 55E 36 & 1 13.29 168.24 
66 Joe  31X-19 (Lat 1) 2508322673 24N 57E 18 & 19 14.24 126.02 
67 Larson 14-26H 2508322190 23N 57E 26 14.48 173.90 
68 Larson 16-24H 2508322309 23N 57E 24 13.00 162.42 
69 Lyle Pederson  2-17H 2508322389 24N 57E 17 13.44 170.55 
70 Mullin 21X-20 2508322050 24N 55E 17 & 20 13.82 149.99 
71 Mullin 31X-20 2508321985 24N 55E 17 & 20 13.82 149.99 
72 Nancy Lee 13X-13 2508322648 23N 57E 13 & 14 13.21 183.40 
73 Natasha-Coon  1-14H 2508322064 
23N & 
24N 57E 1 & 36 14.25 174.15 
74 Natasha-Corkran  35-4H 2508322375 24N 57E 35 14.59 187.58 
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Ref  
# 
Well Name API # Township Range Section(s) 
TOC 
(wt%) 
Mass 
TOC/Area 
(lb/ft2) 
75 Natasha-Dave  35-15-HID3 2508322614 24N 57E 35 14.59 187.58 
76 Natasha-Nancy 11-16H 2508322413 23N 57E 2 & 11 13.32 181.85 
77 Natasha-Obergfell 11-14H 2508322188 23N 57E 2 & 11 13.38 180.73 
78 Obergfell Trust 13X-13 2508322157 23N 57E 13 & 14 13.21 183.40 
79 Peanut East-Hines  11-14H 2508322527 24N 57E 2 & 11 14.94 214.15 
80 Peanut East-Myrl  13-4H 2508322573 24N 57E 13 14.65 223.67 
81 Peanut-Baue  16-2H 2508322294 24N 57E 16 & 21 14.46 189.07 
82 Peanut-Benton  15-16H 2508322182 24N 57E 15 14.57 190.70 
83 Peanut-Danielson  15-14HID 2508322465 24N 57E 15 14.57 190.70 
84 Peanut-Franz  22-4H 2508322434 24N 57E 22 14.73 193.90 
85 Peanut-Jimmy  22-3-HID3 2508322736 24N 57E 22 14.73 193.90 
86 Peanut-Knapp  22-2H 2508322117 24N 57E 22 14.73 193.90 
87 Peanut-Ray  16-4-HLID 2508322521 24N 57E 16 & 21 14.47 188.98 
88 Penelope-First Church 24-2H 2508322303 24N 55E 24 14.12 138.43 
89 Penelope-Gladowski 24-4H 2508321959 24N 55E 24 14.12 138.43 
90 Penelope-Roberta 24-3-HID3 2508322520 24N 55E 24 14.12 138.43 
91 Putnam Farms 42X-18 2508322113 23N 57E 17 & 18 15.13 164.56 
92 Putnam Farms 43X-18 2508322289 23N 57E 18 & 18 15.13 164.56 
93 Qualley 24X-28 2508322799 24N 55E 28 13.62 136.49 
94 Redwater State 24X-16 2508322067 24N 55E 16 13.60 135.97 
95 Roberts 21X-30 2508321967 24N 55E 30 14.15 175.78 
96 Roberts 34X-29 2508322130 24N 55E 29 & 32 14.05 153.40 
97 Rocky Pederson  30-16H 2508321901 24N 57E 30 13.84 151.61 
98 Rocky-Bahls  30-14H 2508322282 24N 57E 30 13.84 151.61 
99 Rocky-Cindy  30-15-HID3 2508322529 24N 57E 30 13.84 151.61 
100 Rocky-Conrad  29-2H 2508322031 24N 57E 29 14.19 126.63 
101 Rocky-Dog  20-3-HID3 2508322784 24N 57E 20 14.65 146.15 
102 Rocky-Franz  20-2H 2508322148 24N 57E 20 14.65 146.15 
103 Rocky-Michael  20-4H 2508322390 24N 57E 20 14.65 146.15 
104 Rocky-Rosemary  29-14H 2508322314 24N 57E 29 14.19 126.63 
105 Rocky-Sheree  29-3-HID3 2508322658 24N 57E 29 14.19 126.63 
106 Shirley  44X-28 2508322352 24N 57E 28 14.56 156.50 
107 Snydley-Henry 8-3-HID3 2508322657 24N 55E 8 13.56 139.69 
108 Snydley-James 7-16HID 2508322464 24N 55E 7 13.88 140.95 
109 Snydley-Paul 8-2H 2508322293 24N 55E 8 13.56 139.69 
110 Snydley-Shaw 7-4H 2508322044 24N 55E 7 13.88 140.95 
111 Snydley-Vaira 8-4-H 2508321936 24N 55E 8 13.56 139.69 
112 State 4-16H 2508322217 23N 57E 16 15.48 174.82 
113 Steinbeisser 14-35H 2508322275 23N 57E 34 & 35 15.36 164.95 
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Ref  
# 
Well Name API # Township Range Section(s) 
TOC 
(wt%) 
Mass 
TOC/Area 
(lb/ft2) 
114 Steinbeisser 41-34H 2508322162 23N 57E 34 & 35 15.36 164.95 
115 Vaira 24X-19 2508321927 24N 55E 19 14.13 172.46 
116 Whiplash-Betty 4-4H 2508322345 24N 55E 4 & 9 12.57 142.33 
117 Whiplash-Bradley 10-14H 2508322232 24N 55E 10 & 3 13.23 132.18 
118 Whiplash-Fink 10-16H 2508322013 24N 55E 10 & 3 13.23 132.18 
119 Whiplash-Francesca 15-3-HID3 2508322572 24N 55E 15 13.59 135.96 
120 Whiplash-Ross 15-2H 2508322376 24N 55E 15 13.59 135.96 
121 Whiplash-Thornton 15-14H 2508321958 24N 55E 15 13.59 135.96 
122 Whiplash-Vaira 4-2-H 2508321946 24N 55E 4 & 9 12.57 142.33 
123 Williams 41X-31 2508322729 24 & 23N 55E 31 & 6 12.76 148.79 
124 Williams 44X-31 2508322116 24 & 23N 55E 31 & 6 12.76 148.79 
 
Ref  
# 
Well Name 
Comp. 
Length 
(feet) 
Middle 
Bakken 
Pore-feet 
Frac 
Sand 
(lbs) 
Operator 
Lateral 
Type 
Drilling 
Completion 
Date 
1 4-J Ranch  44X-27 6918 1.54 620039 XTO Dual 5/1/2004 
2 Albin  13X-33 2981 1.78 330700 XTO 1-mile 10/1/2004 
3 Albin  24X-28 3916 1.61 363820 XTO 1-mile 8/1/2005 
4 Albin Farms  31X-31 7690 1.58 560000 XTO Dual 11/1/2002 
5 Albin Farms  34X-32 7585 1.58 512494 XTO Dual 3/1/2003 
6 Brutus East-Izetta 9-14H 5480 1.58 600800 Ener Plus 1-mile 1/1/2007 
7 Brutus East-Lewis  3-4-H 5482 1.59 151680 Ener Plus 1-mile 3/1/2007 
8 Brutus East-Simonsen  9-16H 5536 1.58 850400 Ener Plus 1-mile 6/1/2007 
9 Brutus-Becky 6-3H 5662 1.63 902400 Ener Plus 1-mile 12/1/2004 
10 Brutus-Rachael 8-14H 5656 1.85 602746 Ener Plus 1-mile 8/1/2006 
11 Buffalo-Bradley 22-3H 8739 1.04 1194900 Ener Plus 2-mile 8/1/2004 
12 Buffalo-Cole 21-2H 3489 1.02 613200 Ener Plus 1-mile 10/1/2004 
13 Buffalo-Gladowski 23-2H 8262 1.05 1402220 Ener Plus 2-mile 3/1/2006 
14 Buffalo-Heather 21-3-HID3 3800 1.02 600100 Ener Plus 1-mile 6/1/2007 
15 Buffalo-Kenny 23-3HLID3 8608 1.05 1169200 Ener Plus 2-mile 2/1/2008 
16 Buffalo-Mullin 21-4H 3766 1.02 623600 Ener Plus 1-mile 9/1/2003 
17 Buffalo-Shanda 27-15-HLID3 5874 0.99 500802 Ener Plus 2-mile 5/18/2007 
18 Buffalo-Thornton 23-4H 8439 1.05 1219100 Ener Plus 2-mile 6/30/2004 
19 Buffalo-Vivian 22-2H 3489 1.04 613200 Ener Plus 2-mile 5/1/2006 
20 Bullwinkle 4J Ranch 3-4H 2650 1.70 394500 Ener Plus 1-mile 5/1/2001 
21 Bullwinkle-Able 3-2H 3958 1.70 602080 Ener Plus 1-mile 10/1/2005 
22 Bullwinkle-Ardelle 4-3HID3 3299 1.57 300560 Ener Plus 1-mile 8/1/2006 
23 Bullwinkle-Bertrand 4-2H 3964 1.57 601500 Ener Plus 1-mile 10/1/2005 
24 Bullwinkle-David  34-4H 3715 1.60 600200 Ener Plus 1-mile 7/1/2005 
25 Bullwinkle-Earl 3-3HID3 4009 1.70 600180 Ener Plus 1-mile 10/1/2007 
58 
Ref  
# 
Well Name 
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Middle 
Bakken 
Pore-feet 
Frac 
Sand 
(lbs) 
Operator 
Lateral 
Type 
Drilling 
Completion 
Date 
26 Bullwinkle-McMillen  34-2H 2172 1.60 394300 Ener Plus 1-mile 4/1/2001 
27 Bullwinkle-Redtruck  34-15-HID3 3587 1.60 600400 Ener Plus 1-mile 8/1/2007 
28 Burgess 24X-28 7950 0.90 691313 XTO Dual 3/1/2004 
29 Chainsaw Fink 14-14H 2679 1.58 392370 Ener Plus 1-mile 12/1/2001 
30 Chainsaw-Dorothy 13-16H 3509 1.78 610980 Ener Plus 1-mile 8/1/2005 
31 Chainsaw-Edington 11-3-HID3 3274 1.85 300710 Ener Plus 1-mile 9/1/2006 
32 Chainsaw-Frank 13-15-HID3 3980 1.78 515209 Ener Plus 1-mile 5/1/2007 
33 Chainsaw-Gladowski 13-14H 2460 1.78 401300 Ener Plus 1-mile 9/1/2001 
34 Chainsaw-Madonna 14-16H 3736 1.58 201468 Ener Plus 1-mile 10/1/2005 
35 Chainsaw-Roy 11-4H 3435 1.85 603080 Ener Plus 1-mile 1/1/2005 
36 Chainsaw-Vicki 14-15-HID3 3735 1.58 453274 Ener Plus 1-mile 2/1/2007 
37 Charles Nevins 1-12H 4289 1.23 1268400 New Field 1-mile 7/1/2005 
38 Charles Nevins 2-12H 3345 1.23 307214 New Field 1-mile 8/1/2007 
39 Cheryl Pederson  14-17H 4119 1.75 202460 SM 1-mile 7/1/2006 
40 Coyote-Cundiff 10-14H 3340 1.45 662400 Ener Plus 1-mile 3/1/2004 
41 Coyote-McMillen 9-14H 3651 1.23 662400 Ener Plus 1-mile 4/1/2004 
42 Coyote-Nevins 9-15H 3277 1.23 602860 Ener Plus 1-mile 6/1/2006 
43 Coyote-Putnam 9-15-HID 3894 1.23 600700 Ener Plus 1-mile 11/1/2008 
44 Cundiff 21X-28 9490 1.12 756128 XTO Dual 11/1/2006 
45 Dorothy 1-4H 8256 0.91 833103 Continental Dual 5/1/2006 
46 Dorothy 2-4H 10104 0.91 801343 Continental Dual 1/1/2007 
47 Dorothy 3-33H 9998 0.91 871600 Continental Dual 9/1/2007 
48 Fearless-McMillen  25-14H 8660 1.55 1207000 Ener Plus 2-mile 4/1/2004 
49 Fearless-Melland  26-14H 8389 1.58 1206120 Ener Plus 2-mile 6/1/2004 
50 Fearless-Sherman  23-2-HLID 8982 1.58 1200760 Ener Plus 2-mile 12/1/2006 
51 Fink 42X-12 8666 1.70 846080 XTO Dual 9/1/2004 
52 Franz 2-15H 5110 1.30 415377 SM Dual 2/1/2005 
53 Franz Farms 41X-28 9444 1.12 748660 XTO Dual 1/1/2005 
54 Frostbite-Don 7-2-H 3840 1.12 674380 Ener Plus 1-mile 5/1/2004 
55 Frostbite-Franz 7-3-614HR 3606 1.35 600020 Ener Plus 1-mile 6/1/2007 
56 Frostbite-Gus 7-15-HID3 3952 1.12 508600 Ener Plus 1-mile 8/1/2007 
57 Frostbite-Harold 7-4H 3792 1.12 602780 Ener Plus 1-mile 10/1/2005 
58 Frostbite-Harriet 5-3-HID3 4070 1.43 600100 Ener Plus 1-mile 8/1/2007 
59 Gladowski 2-25H 2917 0.67 392192 New Field 1-mile 11/1/2007 
60 Halvorsen  31X-19 (Lat 1) 8039 1.31 640588 XTO Dual 9/1/2003 
61 Halvorsen 31X-1 9199 1.22 748242 XTO Dual 2/1/2005 
62 Halvorsen State 21X-36 8601 1.22 783052 XTO 2-mile 1/1/2006 
63 Halvorsen State 31X-36 9173 1.22 838505 XTO 2-mile 5/1/2009 
64 Hill 1-36H 4861 0.51 910578 Continental Dual 4/1/2005 
59 
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65 Hill 2-1H 9981 0.51 789966 Continental Dual 8/1/2006 
66 Joe  31X-19 (Lat 1) 10534 1.29 725106 XTO Dual 9/1/2007 
67 Larson 14-26H 8248 1.31 401017 SM Dual 10/1/2004 
68 Larson 16-24H 5093 1.29 232900 SM 1-mile 8/1/2005 
69 Lyle Pederson  2-17H 3179 1.75 199100 SM 1-mile 1/1/2006 
70 Mullin 21X-20 8179 1.20 613018 XTO Dual 11/1/2003 
71 Mullin 31X-20 8481 1.20 656532 XTO Dual 6/1/2003 
72 Nancy Lee 13X-13 4998 1.27 687576 XTO Dual 10/1/2007 
73 Natasha-Coon  1-14H 8807 1.27 1341240 Ener Plus 2-mile 2/1/2004 
74 Natasha-Corkran  35-4H 3740 1.69 603000 Ener Plus 1-mile 1/1/2006 
75 Natasha-Dave  35-15-HID3 3905 1.69 601460 Ener Plus 1-mile 5/1/2007 
76 Natasha-Nancy 11-16H 6537 1.27 899920 Ener Plus 2-mile 3/1/2006 
77 Natasha-Obergfell 11-14H 9301 1.31 1209300 Ener Plus 2-mile 9/1/2004 
78 Obergfell Trust 13X-13 3571 1.27 737838 XTO Dual 7/1/2004 
79 Peanut East-Hines  11-14H 5523 1.51 810320 Ener Plus 1-mile 5/1/2007 
80 Peanut East-Myrl  13-4H 3874 1.51 500200 Ener Plus 1-mile 3/1/2007 
81 Peanut-Baue  16-2H 8857 1.87 1400140 Ener Plus 2-mile 8/1/2005 
82 Peanut-Benton  15-16H 3512 1.80 604440 Ener Plus 1-mile 2/1/2005 
83 Peanut-Danielson  15-14HID 3805 1.80 602980 Ener Plus 1-mile 7/1/2006 
84 Peanut-Franz  22-4H 2808 1.59 600160 Ener Plus 1-mile 5/1/2006 
85 Peanut-Jimmy  22-3-HID3 3797 1.59 600080 Ener Plus 1-mile 11/1/2008 
86 Peanut-Knapp  22-2H 3555 1.59 603900 Ener Plus 1-mile 6/1/2004 
87 Peanut-Ray  16-4-HLID 9004 1.87 1202580 Ener Plus 2-mile 12/1/2006 
88 Penelope-First Church 24-2H 3932 1.31 600140 Ener Plus 1-mile 8/1/2005 
89 Penelope-Gladowski 24-4H 3377 1.31 576264 Ener Plus 1-mile 2/1/2003 
90 Penelope-Roberta 24-3-HID3 3709 1.31 302300 Ener Plus 1-mile 11/1/2006 
91 Putnam Farms 42X-18 3765 1.00 739596 XTO Dual 7/1/2004 
92 Putnam Farms 43X-18 3717 1.00 814872 XTO Dual 6/1/2005 
93 Qualley 24X-28 3275 0.90 339438 XTO 1-mile 9/1/2009 
94 Redwater State 24X-16 8067 1.15 658563 XTO Dual 12/1/2003 
95 Roberts 21X-30 8062 1.15 623998 XTO Dual 6/1/2006 
96 Roberts 34X-29 9486 1.05 1277637 XTO Triple 1/1/2005 
97 Rocky Pederson  30-16H 2807 1.44 395000 Ener Plus 1-mile 6/1/2001 
98 Rocky-Bahls  30-14H 3567 1.44 611300 Ener Plus 1-mile 8/1/2005 
99 Rocky-Cindy  30-15-HID3 3651 1.44 306300 Ener Plus 1-mile 11/1/2006 
100 Rocky-Conrad  29-2H 3570 1.69 663870 Ener Plus 1-mile 11/1/2003 
101 Rocky-Dog  20-3-HID3 3741 1.60 299000 Ener Plus 1-mile 3/1/2009 
102 Rocky-Franz  20-2H 3382 1.60 624471 Ener Plus 1-mile 7/1/2004 
103 Rocky-Michael  20-4H 3776 1.60 599700 Ener Plus 1-mile 3/1/2006 
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104 Rocky-Rosemary  29-14H 3856 1.69 604480 Ener Plus 1-mile 11/1/2005 
105 Rocky-Sheree  29-3-HID3 3978 1.69 560400 Ener Plus 1-mile 8/1/2007 
106 Shirley  44X-28 3848 1.61 392802 XTO 1-mile 11/1/2005 
107 Snydley-Henry 8-3-HID3 3589 1.44 600400 Ener Plus 1-mile 9/1/2007 
108 Snydley-James 7-16HID 3574 1.71 604660 Ener Plus 1-mile 9/1/2006 
109 Snydley-Paul 8-2H 3782 1.44 601160 Ener Plus 1-mile 8/31/2005 
110 Snydley-Shaw 7-4H 3300 1.71 600320 Ener Plus 1-mile 9/1/2004 
111 Snydley-Vaira 8-4-H 2974 1.44 236468 Ener Plus 1-mile 5/1/2002 
112 State 4-16H 3447 1.16 336094 SM Dual 2/1/2005 
113 Steinbeisser 14-35H 9099 1.30 1039560 XTO Dual 4/1/2005 
114 Steinbeisser 41-34H 9344 1.30 464181 XTO Dual 10/1/2004 
115 Vaira 24X-19 7940 1.27 634800 XTO Dual 2/1/2003 
116 Whiplash-Betty 4-4H 5813 1.56 766776 Ener Plus 1-mile 10/1/2005 
117 Whiplash-Bradley 10-14H 5545 1.58 900400 Ener Plus 1-mile 3/1/2005 
118 Whiplash-Fink 10-16H 5836 1.58 189000 Ener Plus 1-mile 8/1/2003 
119 Whiplash-Francesca 15-3-HID3 3931 1.36 448500 Ener Plus 1-mile 2/1/2007 
120 Whiplash-Ross 15-2H 3762 1.36 603790 Ener Plus 1-mile 4/1/2006 
121 Whiplash-Thornton 15-14H 3404 1.36 200014 Ener Plus 1-mile 1/1/2003 
122 Whiplash-Vaira 4-2-H 5442 1.56 157997 Ener Plus 1-mile 8/1/2002 
123 Williams 41X-31 9046 0.90 620811 XTO 2-mile 4/1/2008 
124 Williams 44X-31 9210 0.90 857968 XTO Dual 4/1/2004 
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1 4-J Ranch  44X-27 143527 117362 32510 0.227 
2 Albin  13X-33 173889 196971 17824 0.103 
3 Albin  24X-28 98360 103636 14855 0.151 
4 Albin Farms  31X-31 217363 196019 24776 0.114 
5 Albin Farms  34X-32 220876 213476 19926 0.090 
6 Brutus East-Izetta 9-14H 28535 22398 39183 1.373 
7 Brutus East-Lewis  3-4-H 31333 21970 35345 1.128 
8 Brutus East-Simonsen  9-16H 33992 29954 39547 1.163 
9 Brutus-Becky 6-3H 34520 11894 36849 1.067 
10 Brutus-Rachael 8-14H 28393 18762 35727 1.258 
11 Buffalo-Bradley 22-3H 244627 181540 19594 0.080 
12 Buffalo-Cole 21-2H 182414 157177 13095 0.072 
13 Buffalo-Gladowski 23-2H 345111 262667 29726 0.086 
14 Buffalo-Heather 21-3-HID3 86909 138100 7104 0.082 
15 Buffalo-Kenny 23-3HLID3 203868 149932 19149 0.094 
61 
Ref  
# 
Well Name 
5-year Oil 
Cumulative 
Production 
(bbl) 
5-year Gas 
Cumulative 
Production 
(MSCF) 
5-year Water 
Cumulative 
Production 
(bbl) 
5-year 
Cumulatively 
Produced 
WOR 
16 Buffalo-Mullin 21-4H 202256 124858 14933 0.074 
17 Buffalo-Shanda 27-15-HLID3 171451 167230 14257 0.083 
18 Buffalo-Thornton 23-4H 314427 226767 22188 0.071 
19 Buffalo-Vivian 22-2H 261738 239157 17954 0.069 
20 Bullwinkle 4J Ranch 3-4H 124993 97055 16212 0.130 
21 Bullwinkle-Able 3-2H 178997 197049 18629 0.104 
22 Bullwinkle-Ardelle 4-3HID3 90616 149351 17604 0.194 
23 Bullwinkle-Bertrand 4-2H 153263 164091 13140 0.086 
24 Bullwinkle-David  34-4H 153370 161226 19528 0.127 
25 Bullwinkle-Earl 3-3HID3 71822 80009 12035 0.168 
26 Bullwinkle-McMillen  34-2H 106102 94020 19856 0.187 
27 
Bullwinkle-Redtruck  34-15-
HID3 60962 109750 9467 0.155 
28 Burgess 24X-28 358607 234351 18742 0.052 
29 Chainsaw Fink 14-14H 124498 93994 13448 0.108 
30 Chainsaw-Dorothy 13-16H 178545 151544 13782 0.077 
31 Chainsaw-Edington 11-3-HID3 122378 165065 9929 0.081 
32 Chainsaw-Frank 13-15-HID3 127815 183347 15339 0.120 
33 Chainsaw-Gladowski 13-14H 145167 107254 15575 0.107 
34 Chainsaw-Madonna 14-16H 163711 158337 12740 0.078 
35 Chainsaw-Roy 11-4H 168136 159029 13934 0.083 
36 Chainsaw-Vicki 14-15-HID3 114668 162182 12851 0.112 
37 Charles Nevins 1-12H 106710 83990 26782 0.251 
38 Charles Nevins 2-12H 43278 64285 9239 0.213 
39 Cheryl Pederson  14-17H 51086 48247 22982 0.450 
40 Coyote-Cundiff 10-14H 123978 94996 21908 0.177 
41 Coyote-McMillen 9-14H 195120 129147 20246 0.104 
42 Coyote-Nevins 9-15H 144197 130329 16437 0.114 
43 Coyote-Putnam 9-15-HID 69097 124193 7007 0.101 
44 Cundiff 21X-28 245382 182658 18915 0.077 
45 Dorothy 1-4H 230684 154209 27164 0.118 
46 Dorothy 2-4H 154844 123367 7471 0.048 
47 Dorothy 3-33H 134949 88479 5850 0.043 
48 Fearless-McMillen  25-14H 214034 145295 45934 0.215 
49 Fearless-Melland  26-14H 238472 151878 30645 0.129 
50 Fearless-Sherman  23-2-HLID 154904 110843 38034 0.246 
51 Fink 42X-12 58337 85243 6602 0.113 
52 Franz 2-15H 177389 108754 3803 0.021 
53 Franz Farms 41X-28 261811 155283 18381 0.070 
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54 Frostbite-Don 7-2-H 251629 161960 16582 0.066 
55 Frostbite-Franz 7-3-614HR 167113 194151 12968 0.078 
56 Frostbite-Gus 7-15-HID3 114775 144374 5945 0.052 
57 Frostbite-Harold 7-4H 210078 155928 10112 0.048 
58 Frostbite-Harriet 5-3-HID3 107321 187122 9381 0.087 
59 Gladowski 2-25H 46573 45161 6522 0.140 
60 Halvorsen  31X-19 (Lat 1) 129888 92876 40355 0.311 
61 Halvorsen 31X-1 253214 159339 19794 0.078 
62 Halvorsen State 21X-36 143983 80156 37780 0.262 
63 Halvorsen State 31X-36 136338 92660 10535 0.077 
64 Hill 1-36H 93512 59459 9696 0.104 
65 Hill 2-1H 159363 81157 26371 0.165 
66 Joe  31X-19 (Lat 1) 133041 119321 30601 0.230 
67 Larson 14-26H 122505 70871 5390 0.044 
68 Larson 16-24H 129154 99501 6405 0.050 
69 Lyle Pederson  2-17H 77993 66071 18390 0.236 
70 Mullin 21X-20 334913 245902 17775 0.053 
71 Mullin 31X-20 254188 199044 14230 0.056 
72 Nancy Lee 13X-13 106996 78213 27442 0.256 
73 Natasha-Coon  1-14H 243801 205178 44627 0.183 
74 Natasha-Corkran  35-4H 144286 205023 23494 0.163 
75 Natasha-Dave  35-15-HID3 74061 131978 13379 0.181 
76 Natasha-Nancy 11-16H 187069 140548 32918 0.176 
77 Natasha-Obergfell 11-14H 232932 143185 24611 0.106 
78 Obergfell Trust 13X-13 102305 63615 42938 0.420 
79 Peanut East-Hines  11-14H 40768 10085 28304 0.694 
80 Peanut East-Myrl  13-4H 27722 11493 26066 0.940 
81 Peanut-Baue  16-2H 304220 324934 37298 0.123 
82 Peanut-Benton  15-16H 86271 82833 45009 0.522 
83 Peanut-Danielson  15-14HID 97842 112146 31481 0.322 
84 Peanut-Franz  22-4H 186243 157799 20670 0.111 
85 Peanut-Jimmy  22-3-HID3 104564 144511 11406 0.109 
86 Peanut-Knapp  22-2H 177920 157830 29116 0.164 
87 Peanut-Ray  16-4-HLID 269301 227697 29009 0.108 
88 Penelope-First Church 24-2H 175646 179076 13191 0.075 
89 Penelope-Gladowski 24-4H 154060 166913 16278 0.106 
90 Penelope-Roberta 24-3-HID3 66239 112391 9001 0.136 
91 Putnam Farms 42X-18 149995 89735 22644 0.151 
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92 Putnam Farms 43X-18 167675 117044 23970 0.143 
93 Qualley 24X-28 73476 108327 7389 0.101 
94 Redwater State 24X-16 264387 216111 18886 0.071 
95 Roberts 21X-30 180919 148900 14699 0.081 
96 Roberts 34X-29 372502 239491 21000 0.056 
97 Rocky Pederson  30-16H 130649 85767 21704 0.166 
98 Rocky-Bahls  30-14H 187639 150689 17616 0.094 
99 Rocky-Cindy  30-15-HID3 114797 145633 12535 0.109 
100 Rocky-Conrad  29-2H 193651 151254 32330 0.167 
101 Rocky-Dog  20-3-HID3 66306 124925 21791 0.329 
102 Rocky-Franz  20-2H 196686 161966 28335 0.144 
103 Rocky-Michael  20-4H 153688 131287 35064 0.228 
104 Rocky-Rosemary  29-14H 188392 177147 26883 0.143 
105 Rocky-Sheree  29-3-HID3 72399 115845 9782 0.135 
106 Shirley  44X-28 111624 96597 21866 0.196 
107 Snydley-Henry 8-3-HID3 94221 161620 6482 0.069 
108 Snydley-James 7-16HID 136549 118186 12527 0.092 
109 Snydley-Paul 8-2H 215249 207660 8293 0.039 
110 Snydley-Shaw 7-4H 202318 149678 12003 0.059 
111 Snydley-Vaira 8-4-H 197063 110210 9448 0.048 
112 State 4-16H 225056 169089 3454 0.015 
113 Steinbeisser 14-35H 180555 119679 32495 0.180 
114 Steinbeisser 41-34H 165614 113529 15405 0.093 
115 Vaira 24X-19 324305 237205 13771 0.042 
116 Whiplash-Betty 4-4H 177891 131208 8038 0.045 
117 Whiplash-Bradley 10-14H 89620 159857 12678 0.141 
118 Whiplash-Fink 10-16H 260045 138901 13390 0.051 
119 
Whiplash-Francesca 15-3-
HID3 103816 159431 8778 0.085 
120 Whiplash-Ross 15-2H 157696 150659 13888 0.088 
121 Whiplash-Thornton 15-14H 190009 148405 13314 0.070 
122 Whiplash-Vaira 4-2-H 187563 87770 10506 0.056 
123 Williams 41X-31 139972 87340 14686 0.105 
124 Williams 44X-31 244384 158366 22187 0.091 
 
  
64 
7. Appendix 2 – TOC Correlation Analysis Cross Plots 
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